The temperatuse and seed o r i e n t a t i o n dependance o f t h i s supersaturation were studied. These r e s u l t s lead t o a very simple method f o r e p i t a x i a l growth of I n 53Ga.47As on (100) InP substrate. L i q u i d phase e p i t a x y (L.P.E.) i s an o l d b u t extensively used technique t o prepare t h i n f i l m materials, e s p e c i a l l y 111-V compounds. Since the f i r s t t i p p i n g boat imaginated by Nelson ( l ) , t h i s technique has been subsequently developed. The main c o n t r i b u t i o n s concern the apparatus (boat,furnace) and the thermodynamics o f t h e e p i t a x y (two phase technique, steady s t a t e L.P.E. technics, e t c ...).
A very simple method i s proposed here f o r L.P.E. growth o f In.53Ga 4 7 A~ on InP.
I t i s a step c o o l i n g technique, where t h e supersaturation i s c o n t r o l l e d by a GaAs
seed placed over the s o l u t i o n . The o r i g i n a l i t y o f t h e method l i e s i n t h e e l i m i n a t i o n o f the s o l u t i o n c o n s t i t u a n t s weighing and i n the unique temperature used during the e p i t a x i a l run. This method i s derived from a study o f a In-Ga-As l i q u i d phase which was c o n s t i t u t e d using a source-seed technique.
I n t h e source-seed technique, one m i n o r i t y component of the s o l u t i o n i s u s u a l l y introduced by d i s s o l u t i o n o f a b i n a r y substrate. I n the same manner, we have studied t h e d i s s o l u t i o n o f a GaAs substrate by an indium s o l u t i o n , i n order t o introduce both gal Jium and arsenic i n the s o l u t i o n . The indium s o l u t i o n was placed i n contact w i t h a GaAs s i n g l e c r y s t a l a t a constant temperature Tc f o r about h a l f an hour ( a time l o n g enough f o r a steady s t a t e t o be reached) .The GaAs seed was then removed and t h e l i q u i d u s temperature T1 of the so-formed s o l u t i o n was measured by d i r e c t v i s u a l i z a t i o n through a transparent furnace (2) . The experimental r e s u l t s are shown ly free of any film deposition. However, some authors observed ternary deposits (8) , which were assumed t o be strained ( 9 ) . Anyway, whether the presence of a strained film i s assumed or not, in the steady s t a t e reached in the In-Ga-As/GaAs system,tt~e liquid i s not saturated. This result shows that the source-seed technique cannot be used in a1 1. cases to saturate a solution and determine a liquichrs -temperature.
2. As shown on Fig.1 , T1 was always found t o be greater than Tc in the range of temperatures studied, whatever the contact temperature or the seed orientation are. This means that the Tn-Ga-As solution obtained by dissolution of a GaAs seed i s , a t the contact temperature Tc, supersaturated by an amount AT = T1 -Tc.
The questibn that can be asked i s &ether AT can be negative or not. The sign of AT can be studied from phase diagram calculation. Using a simple solution model ( 4 ) , one can write the two equations describing ( a ) the liquid-solid equilibrium rn-Ga-A~/In,Ga~-~As a t the liquidus temperature : 1 TnGaAs -pGa -1 . 1~~ ) i s temperature independent. For the In-Ga-As/GaAs system, K i s positive. 3. We observe t h a t AT i s dependant both on contact temperature and seed c r y s t a l 1 i n e o r i e n t a t i o n .
The temperature dependance o f AT was studied i n the range 400'-650°C. An increase i n AT w i t h decreasing temperatures i s observed f o r t h e (100) and (110) seed o r i e n t at i o n , w h i l e AT stays constant for t h e (111) 0rientation.The c a l c u l a t e d curve aT=f(T ) i s i n q u a l i t a t i v e agreement w i t h the experimental (100) and. (110) curves,. b u t i s sh$ft e d towards higher vaJues of AT; t h i s discrepancy m l y n t be i n t e r p r e t e d using t h e s t r a i n e d s k i n model described i n a recent paper (10) .
Ine seed o r i e n t a t i o n e f f e c t on. d i s s o l u t i o n was f i r s t observed by Oe and Sugiyama (6) i n the In-Ga-As-P/InP system. They found t h a t a same In-Ga-As-P s o l u t i o n dissolved, a t 650°C, more InP f o r a (100) seed o r i e n t a t i o n than f o r a (111) one, and estimated the l i q u i d u s temperature d i f f e r e n c e t o 2'-3°C. T h e i r r e s u l t s and ours are consistent.
However, we observe t h a t , a t high temperatures, the o r i e n t a t i o n dependance,of AT tends t o vanish. A s i m i l a r observation was made by Hsieh (7), about deposition: he found t h a t growth o f I n ,-?Ga a7As on (111)B and (100) InP substrates from the .--. ..
same l i q u i d s o l u t i o n becomes possible o n l y a t temperatures h i g h e r than 690°C,
From these r e s u l t s , we derived a simple method f o r e p i t a x i a l growth o f I n 53Ga-47A~ on InP substrate. This method has two c h a r a c t e r i s t i c s : (b) The steady s t a t e between the In-Ga-As s o l u t i o n and the GaAs seed i s a supersaturated s t a t e f o r t h e s o l u t i o n . At a contact temperature o f T-= 500°C, the degree L o f supersaturation i s about 4°C when a (100) o r i e n t e d seed i s used (Fig.1 ). Therefore, i f the In-Ga-As/(lOO)GaAs system i s brought i n t o contact w i t h a (100) InP substrate a t the same temperature T = Tc = 500°C, the I n 53Ga.47As s o l i d w i l l grow on InP, a t a constant temperature o f 500°C, from a 4OC supersaturated s o l u t i o n .
( a ) By d i s s o l u t i o n o f a GaAs substrate i n an indium melt, a t e r n a r y In-Ga-As s o l u t i o n can be c o n s t i t u t e d w i t h o u t any component weighing (provided t h e amount o f GaAs i s l a r g e enough n o t t o be completely dissolved). The p e c u l i a r i t y o f such a s o l u t i o n i s t h a t the g
Moreover, d u r i n g deposition, t h e GaAs seed feeds t h e s o l u t i o n w i t h both g a l l i u m and arsenic, and i n t h e exact proportion. The composition v a r i a t i o n o f t h e s o l u t i o n during deposition i s t h e r e f o r e expected t o be much lower than i n conventional L.P.E. techniques. This advantage should a l l o w e i t h e r t h e growth o f t h i c k layers w i t h constant composition, o r the re-use o f the growth s o l u t i o n .
So, we have defined a procedure which allows the l i q u i d phase epitaxy o f I n 53Ga.47A~ on (100) InP substrate i n a very simple way :
-No weighing o f any s o l u t i o n constituants i s necessary, which supresses a tedious step i n the L.P.E. process.
-The temperature i s kept constant during the whole run; the temperature cycle i s the simplest one, and a temperature ramp generator i s useless. This method needs no special furnace o r g r a p h i t e boat. The e p i t a x i a l l a y e r s obtained i n t h a t way have surface morphology, c r y s t a l 1 i n e qua1 i t y and 1 a t t i c emismatch as good as usual L.P.E. I n 53Ga,47A~ l a y e r s . -The steady s t a t e established between t h e Tn-Ga-As s o l u t i o n and the GaAs seed, a t a constant temperature, i s a supersaturated s t a t e f o r the s o l u t i o n .
-The degree o f supersaturation AT depends on the c r y s t a l l i n e o r i e n t a t i o n o f the GaAs seed.
-AT i s a l s o temperature dependant f o r t h e (100) and (110) seed o r i e n t a t i o n s . A very simple e p i t a x i a l technique was derived from these r e s u l t s , f o r growth o f I n 53Ga.47As on a (100) InP substrate, w i t h two advantages over c l a s s i c a l L.P.E.:
the weighing o f growth s o l u t i o n constituents i s suppressed, and a uni'que, constant and uniform temperature i s used during the e p i t a x i a l run.
